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TITLE OF THE INVENTION 

HIGH FREQUENCY CIRCUIT MODULE AND COMMUNICATION 

DEVICE 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a high 
frequency circuit module and a communication device 
such as a mobile wireless terminal and a pocket 
telephone using it. 
10 Description of the Prior Art 

The miniaturization and the enhancement of the 
efficiency of power of a high frequency circuit module 
used for a mobile wireless terminal, a pocket telephone 
and others in view of the mountability and talk time 
15 have been an important ob j ective . 

For a high frequency circuit module used for a 
communication device such as conventional type mobile 
wireless terminal and pocket telephone, the one using a 
single layer or multi-layer dielectric substrate is 
20 known . 

An example of a high frequency circuit module 
using a single layer dielectric substrate is shown in 
the proceeding of the 1996 Institute IEIC Spring 
Conference C-86, "A Power Amplifier Using Single Layer 
25 Alumina Substrate with Thin-Film Resistors and 

Capacitors for North American Digital Phone System" 
(hereinafter called first conventional technique) . 
According to the first conventional technique, a 
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transmission line which is a distributed element, a 
lumped constant element such as a resistor, a capacitor 
and an inductor and a semiconductor element are formed 
on the same surface of a dielectric substrate to 
5 compose an input-output matching circuit and a power 
amplifier. A high frequency signal is transmitted to 
an external device by a high frequency signal electrode 
provided to the surface of the dielectric substrate. 
The earth electrode of the semiconductor element 

10 provided to the surface of the dielectric substrate and 
an earth electrode on the reverse side are connected 
via a through-hole. 

Also, an example of a high frequency circuit 
module using a multi-layer (two-layer) dielectric 

15 substrate is shown in the proceeding of the 1997 

Institute IEIC Conference Electronics Society C-2-14, 
"1.9 GHz RF Front-End Module Using A Ceramics 
Substrate" (hereinafter called second conventional 
technique) . According to the second conventional 

20 technique, a transmission line which is a distributed 
constant element, an input-output matching circuit 
composed of a lumped constant element such as a 
resistor, a capacitor and an inductor and a 
semiconductor element are formed on the same surface of 

25 a dielectric substrate to compose a high frequency 
circuit module. A high frequency signal electrode 
provided to the surface of a first layer of the 
dielectric substrate and a high frequency signal 
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electrode on the reverse side of a second layer are 
connected via wiring provided to the surface of the 
second layer through a through-hole. The earth 
electrode of the semiconductor element provided to the 
5 surface of the first layer of the dielectric substrate 
and an earth electrode on the reverse side are 
connected via a through-hole. The order of the layers 
of the dielectric substrate are counted as a first 

layer, a second layer, a third layer, from the 

10 surface to the reverse side. 



SUMMARY OF THE INVENTION 

Referring to Figs. 9 to 11, relationship 
between the miniaturization and the enhancement of the 

15 efficiency of power in the first conventional type 
technique will be described below. 

Fig. 9 is a general schematic sectional view 
showing a transmission line formed on a single layer 
dielectric substrate. A conductor 43 on the surface, a 

20 dielectric substrate 44 and ground metal on the reverse 
side 45 forms a transmission line. 

Fig. 10 shows calculated values of transmission 
loss at the frequency of 1.9 GHz when the relative 
dielectric constant of the dielectric substrate 44 is 

25 8.1 and the thickness of the dielectric substrate 44 is 
varied from 0.1 mm to 3.0 mm. Curves 1 to 3 show cases 
in which the width of the conductor 43 forming a 
transmission line is respectively 0.1 mm, 0 . 2 mm and 
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0.5 mm. As clear from Fig. 10, in the cases of any 
width of the conductor 43 , as the dielectric substrate 
44 becomes thick, the transmission loss has a tendency 
to become small . 
5 Fig. 11 shows calculated values of transmission 

loss at the frequency of 1.9 GHz when the relative 
inductivity of the dielectric substrate 44 is 8.1 and 
the width of the conductor 43 forming a transmission 
line is varied from 0.02 mm to 3.0 mm. Curves 1 to 3 

10 show cases in which the thickness of the dielectric 

substrate 44 is respectively 0.15 mm, 0.3 mm and 0.6 mm. 
As clear from Fig. 11, in the cases of any thickness of 
the dielectric substrate 44, the transmission loss 
decreases as the conductor 43 forming a transmission 

15 line becomes wide, becomes minimum in a range in which 
the width of the conductor 43 is 0.3 to 0.7 mm and 
increases when the conductor 43 becomes wider. 

As clear from the above description, to reduce 
transmission loss, it is required to thicken the 

20 dielectric substrate 44 and widen the conductor 43 and 
the miniaturization of the high frequency circuit 
module has a limit. 

Next, referring to Figs. 12 to 14, relationship 
between the miniaturization and the enhancement of the 

25 efficiency of power in the second conventional type 
technique will be described. 

Fig. 12 is a general schematic sectional view 
showing a transmission line formed on a two-layer 
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dielectric substrate. A conductor 46, a dielectric 
substrate 47, ground metal 48 on the reverse side and 
ground metal 49 on the surface forms a transmission 
line . 

5 Fig. 13 shows calculated values of transmission 

loss at the frequency of 1.9 GHz when the relative 
dielectric constant of the dielectric substrate 47 is 
8.1 and the thickness of the dielectric substrate 47 is 
varied from 0.1 mm to 3.0 mm. Curves 1 to 3 show cases 

10 in which the width of the conductor 4 6 forming a 

transmission line is respectively 0.1 mm, 0.2 mm and 
0.5 mm. As clear from Fig. 13, in the cases of any 
width of the conductor 46, as the dielectric substrate 
47 becomes thick, the transmission loss becomes small. 

15 Fig. 14 shows calculated values of transmission 

loss at the frequency of 1.9 GHz when the relative 
inductivity of the dielectric substrate 47 is 8.1 and 
the width of the conductor 46 forming a transmission 
line is varied from 0.02 mm to 3.0 mm. Curves 1 to 3 

20 show cases in which the thickness of the dielectric 

substrate 47 is respectively 0.15 mm, 0 . 3 mm and 0.6 ram. 
As clear from Fig. 14, in the cases of any thickness of 
the dielectric substrate 47, as the conductor 46 
forming a transmission line becomes wide, the 

25 transmission loss has a tendency to become small. 

As clear from the above description, to reduce 
transmission, loss, it is required to thicken the 
dielectric substrate 47 and widen the conductor 46 and 
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the miniaturization of the high frequency circuit 
module has a limit. 

The object of this invention is to provide a 
high frequency circuit module which can be more 
5 miniaturized and a communication device using it. 

To achieve the object, a high frequency circuit 
module according to this invention uses a two or more- 
layer dielectric substrate and the thickness of the 
dielectric substrate between a conductor forming the 

10 transmission line of a matching circuit on the side of 
input or output and ground metal is composed of two or 
more layers . 

Concretely, to thicken a dielectric substance 
that ranges between the conductor forming the 

15 transmission line of the matching circuit on the side 
of input or output and the ground metal, the ground 
metal provided to the dielectric substrate between them 
is formed in the shape in which a part is hollowed out 
so that a part opposite to the conductor is included. 

20 As a required part can be thickened without 

varying the thickness of the whole dielectric substrate, 
the transmission loss can be reduced, and a high 
frequency circuit module and a communication device 
using it can be miniaturized. 

25 The above-mentioned and others features and 

objects of this invention will become more apparent by 
reference to the following description taken in 
conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded view showing a high 
frequency circuit module equivalent to a first 
embodiment of the invention; 
5 Fig. 2 is a sectional view showing the high 

frequency circuit module equivalent to the first 
embodiment of the invention; 

Fig. 3 shows an equivalent circuit as the whole 
amplifier of the high frequency circuit module 
10 equivalent to the first embodiment of the invention; 

Fig. 4 shows calculated values of the loss of a 
matching circuit on the output side of a conventional 
high frequency circuit module; 

Figs. 5 are an exploded view and a sectional 
15 view showing a high frequency circuit module equivalent 
to a second embodiment of the invention; 

Figs. 6 are an exploded view and a sectional 
view showing a high frequency circuit module equivalent 
to a third embodiment of the invention; 
20 Figs. 7 are an exploded view and a sectional 

view showing a high frequency circuit module equivalent 
to a fourth embodiment of the invention; 

Figs. 8 are an exploded view and a sectional 
view showing a high frequency circuit module equivalent 
25 to a fifth embodiment of the invention; 

Fig. 9 is a sectional view showing a 
transmission line formed on a single layer dielectric 
substrate ; 
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Fig. 10 shows calculated values of the high 
frequency loss of the transmission line formed on the 
single layer dielectric substrate in case the thickness 
of the dielectric substrate is varied ; 
5 Fig. 11 shows calculated values of the high 

frequency loss of the transmission line formed on the 
single layer dielectric substrate in case the width of 
a conductor is varied; 

Fig. 12 is a sectional view showing a 
10 transmission line formed on a two-layer dielectric 
substrate ; 

Fig. 13 shows calculated values of the high 
frequency loss of the transmission line formed on the 
two-layer dielectric substrate in case the thickness of 
15 the dielectric substrate is varied; 

Fig. 14 shows calculated values of the high 
frequency loss of the transmission line formed on the 
two-layer dielectric substrate in case the width of a 
conductor is varied; 
20 Fig. 15 is a block diagram showing a high 

frequency unit of a mobile wireless terminal; and 

Fig. 16 is a part layout drawing showing the 
high frequency unit of the mobile wireless terminal. 
DETAILED DESCRIPTION OF THE EMBODIMENTS 
25 The invention will be detailedly described 

based upon embodiments below. 
First Embodiment 

Fig. 1 is an exploded view showing a high 



frequency circuit module equivalent to a first 
embodiment. On the surface of a first-layer dielectric 
substrate 1, a matching circuit on the input side 
composed of conductor line 2 and chip capacitors 3 , 4 
5 and 5 and a matching circuit on the output side 

composed of conductor line 9 and chip capacitors 10, 11 
and 12 are formed. The chip capacitor 3 is connected 
to an input terminal 8 , the chip capacitor 4 is 
connected to an earth terminal 6 , the chip capacitor 5 

10 is connected to an earth terminal 7 , the chip capacitor 
10 is connected to an output terminal 15, the chip 
capacitor 11 is connected to an earth terminal 13 and 
the chip capacitor 12 is connected to an earth terminal 
14. Further, a through-hole 17 piercing the first- 

15 layer dielectric substrate 1 is provided to the 

dielectric substrate. A semiconductor chip 16 is 
bonded to ground metal 19 provided on a second-layer 
dielectric substrate 18 via the through-hole 17 . 

The conductor line 2 on the surface of the 

20 first-layer dielectric substrate 1 is connected to one 
end of conductor line 25 provided on the surface of a 
third-layer dielectric substrate 24 via a through-hole 
120 provided to the first-layer dielectric substrate 1 
and a through-hole 20 provided to the second-layer 

25 dielectric substrate 18. The other end of the line 25 
is connected to a terminal 26 provided on the surface 
of the first-layer dielectric substrate 1 via a 
through-hole 21 provided to the second-layer dielectric 
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substrate 18 and a through-hole 121 provided to the 
first-layer dielectric substrate 1. 

Also, the conductor line 9 on the surface of 
the first-layer dielectric substrate 1 is connected to 
5 one end of a conductor line 31 provided on the surface 
of a fourth-layer dielectric substrate 30 via a 
through-hole 122 provided to the first-layer dielectric 
substrate 1, a through-hole 22 provided to the second- 
layer dielectric substrate 18 and a through-hole 27 

10 provided to the third-layer dielectric substrate 24. 

The other end of the conductor line 31 is connected to 
a terminal 32 provided on the surface of the first- 
layer dielectric substrate 1 via a through-hole 28 
provided to the third-layer dielectric substrate 24, a 

15 through-hole 23 provided to the second-layer dielectric 
substrate 18 and a through-hole 123 provided to the 
first-layer dielectric substrate 1. 

The semiconductor chip 16 is bonded to the 
conductor lines 2 and 9 on the surface of the first- 

20 layer dielectric substrate 1. The ground metal 19 on 

the surface of the second-layer dielectric substrate 18 
to which the semiconductor chip 16 is bonded is 
connected to ground metal 29 provided on the surface of 
the third-layer dielectric substrate 24, ground metal 

25 33 provided on the surface of the fourth-layer 

dielectric substrate 30 and ground metal 34 provided on 
the reverse side of the fourth-layer dielectric 
substrate 30 via a through-hole 151 provided to the 



second-layer dielectric substrate 18, a through-hole 
152 provided to the third-layer dielectric substrate 24, 
a through-hole 153 provided to the fourth-layer 
dielectric substrate 30 and a through-hole 154 provided 
5 to the ground metal 34 on the reverse side of the 

fourth-layer dielectric substrate 30. Each rectangular 
frame respectively surrounding the through-holes 151, 
152, 153 and 154 shows an area where the semiconductor 
chip 16 is to be installed. 

10 A part 35 of the ground metal 19 on the surface 

of the second-layer dielectric substrate 18 is removed 
so that a part opposite to the conductor line 9 of the 
matching circuit on the output side on the surface of 
the first-layer dielectric substrate 1 is included. 

15 The ground metal 19 is connected to the ground metal 29 , 
36 and 37 provided on the surface of the third-layer 
dielectric substrate 24, the ground metal 33, 38 and 39 
provided on the surface of the fourth-layer dielectric 
substrate 30 and the ground metal 34 provided on the 

20 reverse side of the fourth-layer dielectric substrate 
30 via through-holes (no reference number) provided in 
the periphery of the second-, third- and fourth-layer 
dielectric substrates 18, 24 and 30 and through-holes 
(no reference number) provided in the periphery of the 

25 ground metal 34 provided on the reverse side of the 
fourth-layer dielectric substrate 30. 

In this embodiment, each ground metal and each 
through-hole are connected by forming each ground metal 



by copper and embodying copper in each through-hole . 

In this embodiment, the first-layer dielectric 
substrate 1 and the second-layer dielectric substrate 
18 continue between the conductor line 9 and the ground 
5 metal 29, and for the thickness between both, the 

thickness of the second-layer dielectric substrate 18 
is added to that of the first-layer dielectric 
substrate 1. Therefore, the thickness between the 
conductor line 9 and the ground metal 29 can be thicker 

10 than the thickness of only the first-layer dielectric 

substrate 1 or the second-layer dielectric substrate 18 
and the transmission loss can be reduced. 

In this embodiment, the terminals 8 and 15 via 
which a high frequency signal is input/output and the 

15 terminals 26 and 32 via which voltage is applied to the 
semiconductor chip 16 are provided on the surface of 
the first-layer dielectric substrate 1, however, for 
example, a terminal via which a high frequency signal 
is input/output may be also provided on the surface of 

20 the first-layer dielectric substrate 1 and a terminal 
via which voltage is applied to the semiconductor chip 
16 may be also provided on the reverse side of the 
fourth-layer dielectric substrate 30. Also, a terminal 
via which a high frequency signal is input/output and a 

25 terminal via which voltage is applied to the 

semiconductor chip 16 may be also provided on the 
reverse side of the fourth-layer dielectric substrate 
30. And the number of terminals is also not 



particularly limited. 

Fig. 2 is a sectional view viewed along a line 
II-II in case the dielectric substrates shown in Fig. 1 
are assembled. The dielectric substrate in the part 35 
5 can be thicker than the first-layer dielectric 

substrate 1, the second-layer dielectric substrate 18, 
the third-layer dielectric substrate 24 and the fourth- 
layer dielectric substrate 30 by providing the part 35 
formed by removing a part of the ground metal 19 on the 

10 surface of the second-layer dielectric substrate 18. 

Fig. 3 shows an equivalent circuit of a single- 
stage amplifier of the high frequency circuit module 
shown in Fig. 1. It includes a matching circuit on the 
input side composed of the conductor line 2 , chip 

15 capacitors 3, 4 and 5, a line 25 that applies power 

supply voltage to the semiconductor chip 16 including 
bonding wire, a power supply voltage terminal 26 and an 
input terminal 8 and a matching circuit on the output 
side composed of a conductor line 9, chip capacitors 10, 

20 11 and 12, a line 31 that applies power supply voltage 
to the semiconductor chip 16 including bonding wire, a 
power supply voltage terminal 32 and an output terminal 
15. The conductor line 2 is composed of a conductor 
lines 2a, 2b and 2c and the conductor line 9 is 

25 composed of conductor lines 9a, 9b and 9c. 

Fig. 4 shows the loss of the matching circuit 
in case the equivalent circuit of the matching circuit 
on the output side shown in Fig. 3 is composed of a 



single layer dielectric substrate 44 as shown in Fig. 9, 
the output impedance of the semiconductor chip 16 
including bonding wire is 1 to 100 Q , load impedance 
is 50 Q , the relative inductivity of the dielectric 
5 substrate 44 is 8.1, the width of the conductor line 9 
formed on the dielectric substrate 44 is 0.3 mm, the 
dielectric loss tangent tan 8 of the dielectric 
substrate 44 is 0.017, the length of the conductor 
lines 9a, 9b and 9c and the values of the chip 

10 capacitors 10, 11 and 12 are optimized so that they are 
matched at the frequency of 1 . 9 GHz. As shown in Fig. 
4, curves 1, 2 and 3 show calculated values in case the 
thickness of the dielectric substrate 44 is 
respectively 0.15 mm, 0.3 mm and 0.6 mm. As clear from 

15 Fig. 4, as the dielectric substrate 44 forming the 
conductor line 9 becomes thick, the loss of the 
matching circuit has a tendency to become small. For 
example, when the output impedance of the semiconductor 
chip 16 including bonding wire is 10 Q , the loss of 

20 the matching circuit is 0.16 dB in case the thickness 
of the dielectric substrate 44 is 0.15 mm, however, 
when the thickness of the dielectric substrate 44 is 
0.3 mm, the loss of the matching circuit is 0.13 dB and 
when the thickness of the dielectric substrate 44 is 

25 0.6 mm, the loss of the matching circuit is reduced up 
to 0.1 dB. 
Second Embodiment 

Fig. 5A is an exploded view showing a high 



frequency circuit module equivalent to a second 
embodiment and Fig. 5B is a sectional view viewed along 
a line VB-VB in case the high frequency circuit module 
shown in Fig. 5A is assembled. A matching circuit on 
5 the input side composed of a conductor line 2 and chip 
capacitors 3, 4 and 5 is formed on a first-layer 
dielectric substrate 1, the chip capacitor 3 is 
connected to an input terminal 8 , the chip capacitor 4 
is connected to an earth terminal 6 and the chip 

10 capacitor 5 is connected to an earth terminal 7. The 

input terminal 8 is connected to a terminal 8c provided 
by removing ground metal formed on the reverse side of 
a third-layer dielectric substrate 24 via a through- 
hole 8a provided to a second-layer dielectric substrate 

15 18 and a through-hole 8b provided to the third-layer 
dielectric substrate 24. Further, a matching circuit 
on the output side composed of a conductor line 9 and 
chip capacitors 10, 11 and 12 is formed, the chip 
capacitor 10 is connected to an output terminal 15, the 

20 chip capacitor 11 is connected to an earth terminal 13 
and the chip capacitor 12 is connected to an earth 
terminal 14. The output terminal 15 is connected to a 
terminal 15c provided by removing ground metal formed 
on the reverse side of the third-layer dielectric 

25 substrate 24 via a through-hole 15a provided to the 

second-layer dielectric substrate 18 and a through-hole 
15b provided to the third-layer dielectric substrate 24. 

To bond a semiconductor chip 16 to ground metal 



19 provided on the surface of the second-layer 
dielectric substrate 18, a dielectric substance is 
removed and a hole 17 that pierces the dielectric 
substrate is provided to the first-layer dielectric 
5 substrate 1 . The conductor line 2 provided on the 

surface of the first-layer dielectric substrate 1 is 
connected to a terminal 26. Also, the conductor line 9 
provided on the surface of the first-layer dielectric 
substrate 1 is connected to a terminal 32. 

10 The semiconductor chip 16 is bonded to the 

conductor lines 2 and 9 provided on the surface of the 
first-layer dielectric substrate 1. The ground metal 
19 formed on the surface of the second-layer dielectric 
substrate 18 to which the semiconductor chip 16 is 

15 bonded is connected to ground metal 29 provided on the 
surface of the third-layer dielectric substrate 24 and 
ground metal 34 formed on the reverse side of the 
third-layer dielectric substrate 24 via through-holes 
in a part where the semiconductor chip 16 is bonded. 

20 A part 3 5 of the ground metal 19 formed on the 

surface of the second-layer dielectric substrate 18 is 
removed so that a part opposite to the conductor line 9 
of the matching circuit on the output side formed on 
the surface of the first-layer dielectric substrate 1 

25 is included. The ground metal 19 is connected to the 
ground metal 29 and 34 respectively formed on the 
surface and on the reverse side of the third-layer 
dielectric substrate 24 via through-holes in the 



periphery of the dielectric substrate. 
Third Embodiment 

Fig. 6A is an exploded view showing a high 
frequency circuit module equivalent to a third 
5 embodiment and Fig. 6B is a sectional view viewed along 
a line VIB-VIB in case the high frequency circuit 
module shown in Fig. 6A is assembled. A matching 
circuit on the input side composed of a conductor line 
2 and chip capacitors 3, 4 and 5 is formed on the 

10 surface of a first-layer dielectric substrate 1, the 
chip capacitor 3 is connected to an input terminal 8, 
the chip capacitor 4 is connected to an earth terminal 
6 and the chip capacitor 5 is connected to an earth 
terminal 7 . The input terminal 8 is connected to a 

15 terminal 8c provided by removing ground metal formed on 
the reverse side of a third-layer dielectric substrate 
24 via a through-hole 8a provided to a second-layer 
dielectric substrate 18 and a through-hole 8b provided 
to the third-layer dielectric substrate 24. Further, a 

20 matching circuit on the output side composed of a 

conductor line 9 and chip capacitors 10, 11 and 12 is 
formed, the chip capacitor 10 is connected to an output 
terminal 15, the chip capacitor 11 is connected to an 
earth terminal 13 and the chip capacitor 12 is 

25 connected to an earth terminal 14. The output terminal 
15 is connected to a terminal 15c provided by removing 
ground metal 34 formed on the reverse side of the 
third-layer dielectric substrate 24 via a through-hole 



15a provided to the second-layer dielectric substrate 

18 and a through-hole 15b provided to the third-layer 
dielectric substrate 24. 

To bond a semiconductor chip 16 to ground metal 
5 19 provided on the surface of the second-layer 

dielectric substrate 18, a dielectric substance is 
removed and a hole 17 that pierces the dielectric 
substrate is provided to the first-layer dielectric 
substrate 1. The conductor line 2 provided on the 
10 first-layer dielectric substrate 1 is connected to a 
terminal 26. Also, the conductor line 9 provided on 
the surface of the first-layer dielectric substrate 1 
is connected to a terminal 32. 

The semiconductor chip 16 is bonded to the 
15 conductor lines 2 and 9 provided on the surface of the 
first-layer dielectric substrate 1. The ground metal 

19 formed on the surface of the second-layer dielectric 
substrate 18 to which the semiconductor chip 16 is 
bonded is connected to ground metal 29 and 34 provided 

20 on the surface and on the reverse side of the third- 
layer dielectric substrate 24 via through-holes in a 
part where the semiconductor chip 16 is bonded. 

A part 35 of the ground metal 19 formed on the 
surface of the second-layer dielectric substrate 18 is 

25 removed so that a part opposite to the conductor line 9 
of the matching circuit on the output side formed on 
the surface of the first-layer dielectric substrate 1 
is included. Further, a part 40 of the ground metal 29 
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on the surface of the third-layer dielectric substrate 
24 is removed so that a part opposite to the conductor 
line 9 is included. The ground metal 19 and 29 are 
connected to each other via through-holes in the 
5 periphery of the dielectric substrate and is also 

connected to the ground metal 34 formed on the reverse 
side of the third-layer dielectric substrate 24. 
Fourth Embodiment 

Fig. 7 A is an exploded view showing a high 

10 frequency circuit module equivalent to a fourth 

embodiment and Fig. 7B is a sectional view viewed along 
a line VIIB-VIIB in case the high frequency circuit 
module shown in Fig. 7A is assembled. A matching 
circuit on the input side composed of a conductor line 

15 2 and chip capacitors 3 , 4 and 5 is formed on the 

surface of a first-layer dielectric substrate 1 , the 
chip capacitor 3 is connected to an input terminal 8 , 
the chip capacitor 4 is connected to an earth terminal 
6 and the chip capacitor 5 is connected to an earth 

20 terminal 7 . The input terminal 8 is connected to a 

terminal 8c provided by removing ground metal formed on 
the reverse side of a third-layer dielectric substrate 
24 via a through-hole 8a provided to a second-layer 
dielectric substrate 18 and a through-hole 8b provided 

25 to the third-layer dielectric substrate 24. Further, a 
matching circuit on the output side composed of a 
conductor line 9 and chip capacitors 10, 11 and 12 is 
formed, the chip capacitor 10 is connected to an output 
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terminal 15, the chip capacitor 11 is connected to an 
earth terminal 13 and the chip capacitor 12 is 
connected to an earth terminal 14. The output terminal 
15 is connected to a terminal 15c provided by removing 
5 ground metal formed on the reverse side of the third- 
layer dielectric substrate 24 via a through-hole 15a 
provided to the second-layer dielectric substrate 18 
and a through-hole 15b provided to the third-layer 
dielectric substrate 24. 

10 To bond a semiconductor chip 16 to ground metal 

19 provided on the surface of the second-layer 
dielectric substrate 18, a dielectric substance is 
removed and a hole 17 that pierces the dielectric 
substrate is provided to the first-layer dielectric 

15 substrate 1 . The conductor line 2 provided on the 

first-layer dielectric substrate 1 is connected to a 
terminal 26. Also, the conductor line 9 provided on 
the surface of the first-layer dielectric substrate 1 
is connected to a terminal 32. 

20 The semiconductor chip 16 is bonded to the 

conductor lines 2 and 9 provided on the surface of the 
first-layer dielectric substrate 1. The ground metal 
19 formed on the surface of the second-layer dielectric 
substrate 18 to which the semiconductor chip 16 is 

25 bonded is connected to ground metal 29 and 34 provided 
on the surface and on the reverse side of the third- 
layer dielectric substrate 24 via through-holes in a 
part where the semiconductor chip 16 is bonded. 
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A part 41 of "the ground metal 19 on the surface 
of the second-layer dielectric substrate 18 is removed 
so that a part opposite to the conductor line 2 of the 
matching circuit on the input side on the surface of 
5 the first-layer dielectric substrate 1 is included. 
Further, a part 35 of the ground metal 19 on the 
surface of the second-layer dielectric substrate 18 is 
removed so that a part opposite to the conductor line 9 
of the matching circuit on the output side is included. 

10 The dielectric substrate in the removed part can be 
thicker than the first-layer dielectric substrate 1, 
the second-layer dielectric substrate 18 or the third- 
layer dielectric substrate 24. The ground metal 19 is 
connected to the ground metal 29 and 34 formed on the 

15 surface and on the reverse side of the third-layer 
dielectric substrate 24 via through-holes in the 
periphery of the dielectric substrate. 
Fifth Embodiment 

Fig. 8A is an exploded view showing a high 

20 frequency circuit module equivalent to a fifth 

embodiment and Fig. 8B is a sectional view viewed along 
a line VIIIB-VIIIB in case the high frequency circuit 
module shown in Fig. 8A is assembled. A matching 
circuit on the input side composed of a conductor line 

25 2 and chip capacitors 3, 4 and 5 is formed on the 

surface of a first-layer dielectric substrate 1, the 
chip capacitor 3 is connected to an input terminal 8, 
the chip capacitor 4 is connected to an earth terminal 



6 and the chip capacitor 5 is connected to an earth 
terminal 7 . The input terminal 8 is connected to a 
terminal 8c provided by removing ground metal formed on 
the reverse side of a second-layer dielectric substrate 
5 18 via a through-hole 8a provided to the second-layer 
dielectric substrate 18. Further, a matching circuit 
on the output side composed of a conductor line 9 and 
chip capacitors 10, 11 and 12 is formed, the chip 
capacitor 10 is connected to an output terminal 15, the 

10 chip capacitor 11 is connected to an earth terminal 13 
and the chip capacitor 12 is connected to an earth 
terminal 14. The output terminal 15 is connected to a 
terminal 15c provided by removing ground metal formed 
on the reverse side of the second-layer dielectric 

15 substrate 18 via a through-hole 15b provided to the 
second-layer dielectric substrate 18. 

To bond a semiconductor chip 16 to ground metal 
19 provided on the surface of the second-layer 
dielectric substrate 18, a dielectric substance is 

20 removed and a hole 17 that pierces the dielectric 

substrate is provided to the first-layer dielectric 
substrate 1 . The conductor line 2 provided on the 
surface of the first-layer dielectric substrate 1 is 
connected to a terminal 26. Also, the conductor line 9 

25 provided on the surface of the first-layer dielectric 
substrate 1 is connected to a terminal 32. 

The semiconductor chip 16 is bonded to the 
conductor lines 2 and 9 provided on the surface of the 
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first-layer dielectric substrate 1. The ground metal 
19 formed on the surface of the second-layer dielectric 
substrate 18 to which the semiconductor chip 16 is 
bonded is connected to ground metal 29 provided on the 
5 reverse side of the second-layer dielectric substrate 
18 via through-holes in a part where the semiconductor 
chip 16 is bonded. 

A part 35 of the ground metal 19 on the surface 
of the second-layer dielectric substrate 18 is removed 

10 so that a part opposite to the conductor line 9 of the 
matching circuit on the output side on the surface of 
the first-layer dielectric substrate 1 is included. 
The dielectric substrate in the removed part can be 
thicker than the first-layer dielectric substrate 1 or 

15 the second-layer dielectric substrate 18. The ground 
metal 19 is connected to the ground metal 29 formed on 
the reverse side of the second-layer dielectric 
substrate 18 via through-holes in the periphery of the 
dielectric substrate. 

20 Sixth Embodiment 

Fig. 15 is a block diagram showing a mobile 
wireless terminal equivalent to one embodiment of a 
communication device according to the invention. Fig. 
16 is a part layout drawing showing a high frequency 

25 unit of the mobile wireless terminal shown in Fig. 15. 
A signal at the transmitting end is output from an 
antenna-2 102 via a modulator 108, a burst switch 107, 
a driving amplifier 106, a filter 105, a power 



amplifier 104 and a duplexer 103. For a signal at the 
receiving end, a diversity system in which a case that 
a signal is received from an antenna-1 101 and is 
transmitted via a low noise amplifier 109, a filter 105, 
5 a frequency converter 110 and an IF amplifier 111 and a 
case that a signal is received from the antenna-2 102 
and is transmitted via a low noise amplifier 109, a 
filter 105, a frequency converter 110 and an IF 
amplifier 111 are compared, a received signal is 

10 processed in a demodulation unit 113 and reaches a base 
band unit 114 is adopted. A reference number 112 
denotes a frequency synthesizer. 

The high frequency circuit module described in 
any of the first to fifth embodiments is used for the 

15 power amplifier 104 and a low noise amplifier 109. For 
the power amplifier 104, the high frequency circuit 
module that the dielectric substrate between the 
conductor line of the matching circuit on the input 
side and the ground metal is also composed of two or 

20 more layers is used in addition to the high frequency 
circuit module that the dielectric substrate between 
the conductor line of the matching circuit on the 
output side and the ground metal is composed of two or 
more layers. 

25 For the low noise amplifier 109, the high 

frequency circuit module that the dielectric substrate 
between the conductor line of the matching circuit on 
the output side and the ground metal is also composed 



of two or more layers is used in addition to the high 
frequency circuit module that the dielectric substrate 
between the conductor line of the matching circuit on 
the input side and the ground metal is composed of two 
5 or more layers. The mobile wireless terminal can be 
miniaturized by using these high frequency circuit 
modules . 

Various other modifications, alternative, 
constructions and equivalents may be employed without 
10 departing from the true spirit scope off the invention, 
as exemplified in foregoing description and defined in 
the following claims. 
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What Is Claimed Is: 

1. A high frequency circuit module 
provided with a two- or more-layer dielectric substrate, 
a semiconductor element and matching circuits on the 

5 input side and on the output side respectively of the 
semiconductor element respectively formed on the 
dielectric substrate, and ground metal, wherein: 
a thickness of the dielectric substrate between a 
conductor of conductor line of said matching circuit on 
10 the output side and said ground metal is composed of 
two or more layers . 

2 . A high frequency circuit module 
according to Claim 1, wherein: 

a thickness of the dielectric substrate between 
15 said conductor of conductor line of said matching 
circuit on the input side and said ground metal is 
composed of two or more layers. 

3. A high frequency circuit module 
provided with a two- or more-layer dielectric substrate, 

20 a semiconductor element and matching circuits on the 
input side and on the output side respectively of the 
semiconductor element respectively formed on the 
dielectric substrate, and ground metal, wherein: 
ground metal provided to the dielectric 

25 substrate existing between a conductor of transmission 
line of said matching circuit on the output side and 
said ground metal is formed in the shape in which a 
part is hollowed out so that a part opposite to said 
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conductor transmission line is included. 

4. A high frequency circuit module 

according to Claim 3, wherein: 

ground metal provided to the dielectric 
5 substrate existing between said conductor of 

transmission line of said matching circuit on the input 
side and said ground metal is formed in the shape in 
which a part is hollowed out so that a part opposite to 
said conductor of said transmission line is included. 
10 5. A high frequency circuit module 

provided with a two- or more-layer dielectric substrate, 
a semiconductor element and matching circuits on the 
input side and on the output side respectively of the 
semiconductor element respectively formed on the 
15 dielectric substrate, and ground metal, wherein: 

a thickness of the dielectric substrate between 
a conductor of transmission line of said matching 
circuit on the input side and said ground metal is 
composed of two or more layers. 
20 6. A high frequency circuit module 

according to Claim 5, wherein: 

a thickness of the dielectric substrate between 
said conductor of transmission line of said matching 
circuit on the output side and said ground metal is 
25 composed of two or more layers. 

7. A high frequency circuit module 

provided with a two- or more-layer dielectric substrate, 
a semiconductor element and matching circuits on the 
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input side and on the output side respectively of the 
semiconductor element respectively formed on the 
dielectric substrate, and ground metal, wherein: 
ground metal provided to the dielectric 
5 substrate existing between a conductor of transmission 
line of said matching circuit on the input side and 
said ground metal is formed in the shape in which a 
part is hollowed out so that a part opposite to said 
conductor of transmission line is included. 

10 8. A high frequency circuit module 

according to Claim 7, wherein: 

ground metal provided to the dielectric 
substrate existing between said conductor of 
transmission line of said matching circuit on the 

15 output side and said ground metal is formed in the 

shape in which a part is hollowed out so that a part 
opposite to conductor of said transmission line is 
included. 

9. A communication device, wherein: 

20 the high frequency circuit module according to 

Claim 1 is used for a power amplifier at the 
transmitting end. 

10. A communication device, wherein: 

the high frequency circuit module according to 
25 Claim 2 is used for the power amplifier at the 
transmitting end. 

11. A communication device, wherein: 

the high frequency circuit module according to 
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Claim 3 is used for the power amplifier at the 
transmitting end. 

12. A communication device, wherein: 

the high frequency circuit module according to 
5 Claim 4 is used for the power amplifier at the 
transmitting end. 

13. A communication device, wherein: 

the high frequency circuit module according to 
Claim 5 is used for a low noise amplifier at the 
10 receiving end. 

14. A communication device, wherein: 

the high frequency circuit module according to 
Claim 6 is used for the low noise amplifier at the 
receiving end. 
15 15. A communication device, wherein: 

the high frequency circuit module according to 
Claim 7 is used for the low noise amplifier at the 
receiving end. 

16. A communication device, wherein: 

20 the high frequency circuit module according to 

Claim 8 is used for the low noise amplifier at the 
receiving end. 
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ABSTRACT 

The invention relates to a high frequency 
circuit module in which a two- or more-layer dielectric 
substrate is used, the dielectric substrate between a 
5 conductor line of a matching circuit on the input side 
or on the output side and ground metal is composed of 
two or more layers and the miniaturization is enabled 
and a communication device using it. 

As a required part can be thickened without 
10 changing the thickness of the whole dielectric 

substrate, the transmission loss can be reduced and the 
miniaturization of the high frequency circuit module 
and the communication device using it is enabled. 
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